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© Waveform shaping circuit and receiver using same. 



© A waveform shaping circuit is provided which 
comprises a first and a second intergrating circuit to 
which is applied an input signal having digital data 
mingled therein; and a differential amplifier having a 
first input terminal to which the input terminal is 
applied and a second input terminal to which recti- 
fied output derived from the first integrating circuit 



The second integrating circuit has its time constant 
set up to be lower than that of the first integrating 
circuit; and the first integrating circuit has a capacitor 
intermittently charged with output derived from the 
second integrating circuit, so that the input signal is 
converted to digital data. 
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BACKGROUND OF THE INVENTION 



Field of the Invention 

This invention relates to a waveform shaping 
circuit which is so designed as to intermittently 
operate and adapted for use with a mobile commu- 
nication apparatus, and a receiver using such a 
waveform shaping circuit. More particularly, this 
invention is directed to such an arrangement with 
an improved transient characteristic which occurs 
when an input signal having digital data mingled 
therewith is subjected to waveform-shaping. 



Description of the Prior Art 

To have a better understanding of the present 
invention, description will first be made of the prior 
art with reference to Figures 1 and 2 of the accom- 
panying drawings. Figure 1 is a circuit diagram 
showing an example of conventional waveform 
shaping circuit adapted for use with a paging de- 
vice or the like, wherein reference numeral 2 in- 
dicates an input terminal to which is applied an 
input signal such as a digital data signal having an 
arbitrary waveform or a digital data signal retaining 
a relatively square waveform, and reference nu- 
meral 3 indicates an output terminal at which is 
obtained a waveform-shaped digital data signal. 
Resistors 25 and 26 are connected at one end to 
the input terminal 2 and also coupled at the op- 
posite end to inverting input terminal and non- 
inverting input terminal of a differential amplifier 1 
which has a feedback resistor 28 connected across 
the inverting input terminal and output terminal 3 
thereof so as to constitute a feedback circuit. A 
capacitor 16 is coupled to the connection point 
between the resistor 25 and the non-inverting input 
terminal of the differential amplifier 1, and the col- 
lector of a transistor 29 is also connected thereto. 
A reference voltage source V R is connected to a 
terminal 20 which comprises the emitter of the 
transistor 29; and a terminal 13 is connected to the 
base of the transistor 29, and a control signal for 
boosting charge is applied thereto. 

The power source voltage is intermittently ap- 
plied to a waveform shaping circuit, and the control 
signal for boosting charge is applied to the terminal 
13 in synchronism with turning-on of the power 
source so that a charging current i c is supplied to 
the capacitor 16 through the transistor 19. input 
signal is supplied to the non-inverting input termi- 
nal of the differential amplifier 1 through the resis- 
tor 26. The resistor 25 and capacitor 16 constitute 



an integrating circuit 27 by which the input signal is 
smoothed. Such smoothed input signal is passed 
to the differential amplifier via the non-inverting 
input terminal so that the input signal is subjected 

s to waveform-shaping. 

In the waveform shaping circuit of Figure 1, 
input signal is supplied to the input terminal 2. The 
waveform of the input signal is shown at (a) in 
Figure 2(H). When the control signal for boosting 

w charge is applied to the control terminal 13 as 
shown in Figure 2(i) t the transistor 29 is rendered 
operative so that the charging current i c is caused 
to rapidly flow in the capacitor 16 and thus charg- 
ing voltage at the capacitor 16 builds up as shown 

is by a charging curve (b). The charging voltage 
increases up to a value close to a voltage (V n - 
V CE (sat)) which is equal to the reference voltage V R 
minus the saturation voltage V CE(SAT) of the transis- 
tor 29. When the control signal is interrupted, the 

20 voltage charged at the capacitor 16 drops down to 
a voltage level (d) corresponding to the smoothed 
input signal superimposed upon DC bias voltage, 
as indicated by a discharge curve (c) (see Figure 
2(H)). 

25 As will be seen from Figure 2, it is during the 

time period ti to t2 that data error tends to occur, 
and this discharge time period is proportional to 
the time constant of the integrating circuit 27. With 
this type of waveform shaping circuit, digital data 

30 signal with a constant duty ratio is more stably 
obtained as the time constant of the integrating 
circuit 27 is increased. Disadvantageous^, how- 
ever, as the time constant of the integrating circuit 
27 increased, the time period (tt to during which 

35 data error tends to occur, i.e., the time period 
during which the reference voltage level occurring 
after the boosting charge transiently becomes as- 
table, becomes longer. 

40 

SUMMARY OF THE INVENTION 



It is a primary object of the present invention to 
45 provide a waveform shaping circuit which is so 
designed that a digital data signal havintg an ar- 
bitrary waveform is rapidly converted into a pulse 
signal of a substantially uniform duty ratio, thereby 
minimizing transient fluctuation, 
so It is another object of the present invention to 

provide a waveform shaping circuit which so de- 
signed that the time period during which data error 
tends to occur can be shortened as greatly as 
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possible, and a receiver using such a waveform 
shaping circuit. 

Briefly stated, the waveform shaping circuit ac- 
cording to the present invention comprises a dif- 
ferential amplifier having an input terminal to which 
a first input signal is applied and a second input 
terminal to which is applied an output obtained by 
integrating the input signal by means of a first 
integrating circuit; and a second integrating circuit 
provided at the front stage of the differential am- 
plifier and having a higher time constant than that 
of the first integrating circuit, whereby a capacitor 
of the first integrating circuit is boost-charged with 
the output of the second integrating circuit so that 
the charge-discharge period of the capacitance is 
shortened so as to minimize occurrence of data 
error, and thus the waveform shaping circuit is well 
adapted for use with a receiver such as pager or 
the like. 

Other, objects, features and advantages of the 
present invention will become apparent from the 
ensuing description taken in conjunction with the 
accompanying drawings. 

BRIEF DESCRIPTION OF THE DRAWINGS 



Figure 1 is a circuit diagram showing an 
example of conventional waveform shaping circuit. 

Figure 2 is a view useful for explaining the 
operation of the conventional waveform shaping 
circuit. 

Figure 3 is a circuit diagram showing the 
waveform shaping circuit according to an embodi- 
ment of the present invention. 

Figure 4 is a view illustrating the frequency 
characteristic of an integrating circuit. 

Figure 5 is a view useful for explaining the 
operation of the waveform shaping circuit accord- 
ing to the present invention 

Figure 6 is a circuit diagram showing the 
waveform shaping circuit according to a second 
embodiment of the present invention. 

Figure 7 is a block diagram showing a re- 
ceiver using the waveform shaping circuit of the 
present invention. 

DESCRIPTION OF THE PREFERRED EMBODI- 
MENTS 



Referring to Figure 3, there is shown the 
waveform shaping circuit according to an embodi- 
ment of the present invention, wherein resistors 4, 
5 and 9 are connected at one end to an input 
terminal 2 to which an input signal superimposed 
upon a DC bias voltage is applied, the resistors 4 



and 5 being connected at the other end to inverting 
input terminal and non-inverting input terminal of a 
differential amplifier 1 . and a feedback resistor 8 is 
connected across the inverting input terminal and 

5 output terminal 3 of the differential amplifier. The 
resistor 5 is connected at the opposite end to a 
capacitor 6, so that an integrating circuit 7. The 
resistor 9 is connected at the other end to a 
capacitor 10. so that an integrating circuit 11 is 

w constituted by the resistor 9 and capacitor 1 0. The 
connection point Pi between the resistor 9 and the 
capacitor 10 is coupled to an non-inverting input 
terminal of a differential amplifier 12 which con- 
stitutes a voltage-follower type buffer circuit, and 

75 inverting input terminal and output terminal of the 
differential amplifier 1 2 are connected together and 
tied to the connection point P2 between the resistor 
5 and the capacitor 6. The differential amplifier 12 
includes a control terminal 13 to which is applied a 

20 control signal for affecting boost-charging. Further, 
the integrating circuit 11 and differential amplifier 
12 constitute a boost-charging circuit for boost- 
charing the capicitor 6. Indicated at 3 is an output 
terminal at which a shaped pulse waveform is 

25 obtained. 

Referring to Figure 4, there is illustrated the 
frequency characteristic of the integrating circuits 7 
and 11, wherein the abscissa indicates the fre- 
quency of input signal, and the ordinate indicates 

30 the amplitude ratio of the input voltage V1 of the 
intergrating circuit to output voltage V2 thereof; ft 
and h are cut-off frequencies of the. integrating 
circuits 7 and 1 1 respectively; fa is the minimum 
frequency of the input signal; and f+ is the maxi- 

35 mum frequency of input signal. Description will be 
made of the integrating circuit with reference to the 
drawings. 

If the resistance value for the feedback resistor 
8 is made to be infinite, then such a signal that the 

40 amplitude ratio (V 2 /Vi) of input voltage to output 
voltage is unity, is applied to the inverting terminal 
of the differential amplifier 1 . For waveform-shaping 
the input signal into an output pulse having a 
uniform duty ratio, it is required that the amplitude 

45 level of the input signal applied to the non-inverting 
input terminal of the differential amplifier 1 be more 
precisely smoothed output of integration. More 
specifically, for boosting charge of the capacitor 6, 
it is required that the cut-off frequency f2 for the 

so time constant C^R? of the integrating circuit 1 1 be 
set to be lower than the frequency of the input 
signal. 

The integrating circuits 7 and 11 comprise the 
resistor 5 and capacitor 6 and the resistor and 
55 capacitor 10 respectively, and their time constants 
CsRs and C10R9 are are set as follows: 
C 6 Rs > C 10 R 9 (1) 

where Rs and R9 are the resistance values for the 
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resistors 5 and 9 respectively, and C& and C10 are 
the capacitance values for the capacitors 6 and 10 
respectively. 

The frequency characteristics of the integrating 
circuits 11 and 7 are as shown at (1) and (2) in 
Figure 4 respectively, and the relationship between 
the integrating circuits 7 and 11 can be repre- 
sented in terms of cut-off frequencies fi and f2 are 
as follows: 
f 1 < f 2 (2) 

The time constant C 10 R 9 of the integrating 
circuit 11 may be set up in consideration of a 
frequency f 3 at which the input signal becomes 
minimum. More specifically, the time constant 
C10R9 of the integrating circuit 1 1 is set up so that 
the following relationship holds between the cutoff 
frequency h for the time constant C^Rg of the 
integrating circuit 1 1 and the frequency f3 at which 
the input signal becomes minimum: 
fa < fa . (3) 

The cutoff frequencies fi and f 2 of the integrat- 
ing circuits 7 and 1 1 are given as follows: 
fi = 1/2^C 6 Rs 
f 2 = 1/2ttCioR9 

Needless to say, the waveform shaping circuit 
according to the present invention can operate 
even when with the cutoff frequency f 2 as refer- 
ence, the following relationship holds between the 
minimum and maximum frequencies f3 and f+ of 
the input signal: 
f3<f 2 <U (4) 

Description will now be made of the operation 
of the waveform shaping circuit set up as men- 
tioned above. 

As shown in Figure 5 (I), the waveform shaping 
circuit is provided with power source voltage to be 
rendered operative during the time period from ti 
to U; and during the time period from tt to t 2l 
control signal is applied for boosting charge in 
synchronism with an intermittent receiving signal 
(see Figure 5(H)). In this case, the waveform of the 
input signal at the input terminal 2 turns out to be 
as shown at (a) in Figure 5(IH). At connection point 
Pi in the integrating circuit 11, there appears a 
waveform resulting from integration of the input 
signal and building up from zero potential. The 
output amplitude of the integrating circuit 1 1 turns 
out to be attenuated relative to the input signal in 
accordance with the frequency characteristic of the 
integrating circuit 11. The voltage at the point Pi in 
the integrating circuit 1 1 is charged at the capacitor 
6 through the differential amplifier 12, which is 
adapted to function as a buffer circuit for boosting 
charge, so that waveform occurring at point P2 
during the charging period (ti to t 2 ) turns out to be 
as shown at (b). At the time point t 2 when the 
control signal is interrupted, the waveform occur- 
ring at the point P 2 drops depicting a discharge 
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curve such such dotted curve (c). Subsequently, 
the potential at the point P 2 reaches a level (d) 
corresponding to smoothed input signal superim- 
posed upon DC bias voltage at the time point t 3 . 

5 and the input signal is subjected to waveform- 
shaping so that from the time point t3 onward, 
there is provided a' pulse output having uniform 
duty ratio. With the conventional waveform shaping 
circuit, discharge starts with the voltage (V R - V CE 
(sat)), whereas according to the present invention 
discharge of the capacitor starts with the level of 
the signal attenuated by the integrating circuit 11, 
so that the discharge time (t2 to t3) can be short- 
ened. The time constant of the integrating circuit 7 

75 is higher than that of the integrating circuit 1 1 as 
mentioned above; thus, the integrating circuit 7 
performs slower integrating operation and provides, 
as reference voltage, an integration output cor- 
responding to the input signal level to the non- 
20 inverting input terminal of the differential amplifier 

I. In this way, the time period during which data 
error tends to occur, can be shortened. 

Referring to Figure 6, there is shown the 
waveform shaping circuit according to another em- 

25 bodiment of the present invention, wherein the ar- 
rangement of boost charge circuit 15 is different 
from that of the embodiment shown in Figure 3; 
input terminal 2 is connected to input terminal of 
differential amplifier circuit 12 adapted to serve as 

30 a voltage-follower type buffer circuit; and output 
terminal is connected to a resistor 14 the other end 
of which is connected to a capacitor 6. The resistor 
14 and capacitor 6 constitute an integrating circuit 

I I . The capacitor 6 is shared by another integrat- 
35 ing circuit 7. The difference between the time con- 
stants of the integrating circuits 7 and 1 1 depends 
on the difference between the resistance values for 
the resistors 5 and 14. The remainder of the circuit 
shown in Figure 6 is the same as that of the 

40 embodiment shown in Figure 3. 

While integrating circuits are used in the 
waveform shaping circuits according to the em- 
bodiments of Figures 3 and 6, it is also possible 
that use may be made of rectifying-smoothing cir- 

45 cuits instead of such integrating circuits. 

Figure 7 is a block diagram showing an exam- 
ple of receiver using the waveform shaping circuit 
according to the present invention, which includes 
an antenna 16; a tuning and receiving circuit 17 

50 comprising a detector circuit and so forth; a 
waveform shaping circuit 8 provided after the re- 
ceiving circuit 17; and an output terminal 19 at 
which is obtained a waveform-shaped digital data 
singal which in turn is decoded. A pulsating digital 

55 data signal being transmitted is received and con- 
verted into a digital signal in the waveform shaping 
circuit 18. 

As will be appreciated from the above discus- 

4 
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sion, the waveform shaping circuit according to the 
present invention comprises two types of integrat- 
ing circuits having different time constants which 
are connected to one of the input terminals of the 
differential amplifier, to the other input terminal of 5 
which an input signal is applied. The integrating 
circuit having the lower time constant attenuates 
the input signal; the output voltage of this integrat- 
ing circuit is applied to the capacitor of the in- 
tegrating circuit having the higher time constant to w 
effect boost-charging of the capacitor, thereby 
minimizing transient fluctuation in the integrating 
circuit during intermittent operation. In this way, it 
is possible to shorten the time period during which 
data error tends to occur due to transient flue- 75 
tuation resulting from the charging and discharging 
of the capacitor. Thus, the waveform shaping cir- 
cuit according to the present invention is well 
adapted for use with a receiver such as pager or 
the like. 20 

While the present invention has been illustrated 
and described with respect embodiments thereof, it 
is to be understood that the present invention is by 
no way limited thereto but encompasses all 
changes and modifications which will become pos- 25 
sible within the scope of the appended claims. 



Claims 

30 

1. A waveform shaping circuit, comprising a 
first integrating circuit to which is applied an input 
signal superimposed upon a DC bias voltage; a 
differential amplifier having a first input terminal to 
which said input signal is applied and a second 35 
input terminal to which is applied a rectified output 
derived from said first integrating circuit; and a 
second integrating circuit to which said input signal 

is inputted, wherein a capacitor of said first in- 
tegrating circuit is boost-charged with the output of 40 
said second integrating circuit. 

2. A waveform shaping circuit, comprising a 
first integrating circuit to which an input signal is 
applied; a differential amplifier having a first input 
terminal to which said input terminal is applied and 45 
a second input terminal to which is applied rectified 
output derived from said first integrating circuit; 

and a second integrating circuit for charging a 
capacitor of said first integrating circuit and having 
a lower time constant than said first integrating 50 
circuit. 

3. A waveform shaping circuit including a first 
integrating to which an input signal is applied, said 
first integrating circuit comprising a first resistor 

and a first capacitor; a differential amplifier having 55 
a first input terminal to which said input signal is 
applied and a second input terminal to which is 
applied rectified output derived from said first in- 



tegrating circuit; a second integrating circuit to 
which said input signal is applied, said second 
integrating circuit comprising a second resistor and 
a second capacitor; and a buffer circuit having an 
input terminal connected to a connection point be- 
tween said second resistor and said second ca- 
pacitor and an output terminal connected to a con- 
nection point between said first resistor and said 
first capacitor, said buffer circuit being arranged to 
intermittently operate in accordance with a control 
signal. 

4. A waveform shaping circuit comprising a 
first integrating circuit to which an input signal is 
applied; a differential amplifier having a first input 
terminal to which said input signal is applied and a 
second input terminal to which is applied rectified 
output derived from said first integrating circuit; 
and a buffer circuit to which said input signal is 
applied, said buffer circuit being arranged to inter- 
mittently operate in accordance with a control sig- 
nal, wherein a resistor connected at a first end to 
output terminal of said buffer circuit is connected at 
a second end to a connection point between a 
resistor and a capacitor which constitute said first 
integrating circuit. 

5. A receiver comprising a receiving circuit 
including a tuning circuit; and a waveform shaping 
circuit comprising a first integrating circuit to which 
is applied a input signal consisting of a digital data 
signal having an arbitrary waveform, a differential 
amplifier having a first input terminal to which said 
input signal is applied and a second input terminal 
is applied rectified output derived from said first 
integrating circuit, a second integrating circuit to 
which said input signal is applied, said second 
integrating circuit having a lower time constant than 
said first integrating circuit, wherein a capacitor of 
said first integrating circuit is boost-charged with 
output of said second integrating circuit and said 
input signal is converted to digital data; said 
waveform shaping circuit being provided after said 
receiving circuit. 
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© Waveform shaping circuit and receiver using same. 

© A waveform shaping circuit is provided which 
comprises a first and a second intergrating circuit to 
which is applied an input signal having digital data 
mingled therein; and a differential amplifier having a 
first input terminal to which the input terminal is 
applied and a second input terminal to which recti- 
fied output derived from the first integrating circuit. 



The second integrating circuit has its time constant 
set up to be lower than that of the first integrating 
circuit; and the first integrating circuit has a capacitor 
intermittently charged with output derived from the 
second integrating circuit, so that the input signal is 
converted to digital data. 



Fl G. 3 




3 



BNSOOCID: <EP 0383271 A3_l_> 



Rank Xerox (UK) Business Services 



European 
Patent Office 



EUROPEAN SEARCH 
REPORT 



Application Number 



EP 90 10 2814 



DOCUMENTS CONSIDERED TO BE RELEVANT 



Category 



Citation of document with indication, where appropriate, 
of relevant passages 



GB-A-2 173 378 (RCA) 
* page 5, line 45 - page ( 



Relevant 
to claim 



CLASSIFICATION OF THE 
APPLICATION (Int. CI.5) 



page 5, line 45 - page 6, line 8 * * * figure 8 * * 

PATENT ABSTRACTS OF JAPAN vol. 10, no. 325 
(E-451)(2381) 6 November 1986 
& JP^A-61 131 912 ( TOSHIBA ) 19 June 1986 
* the whole document * * 



1-5 



1-5 



H 04 L 25/30 
H 03 K 5/08 



TECHNICAL FIELDS 
SEARCHED (Int. Cl.5) 



H 04 L 

G 11 B 
H 03 K 
G 01 R 



The present search report has been drawn up for ail claims 



Place of search 



The Hague 



Date of completion of search 



16 December 91 



Examiner 



GHIGLIOTTI L. 



CATEGORY OF CITED DOCUMENTS 
X : particularly relevant if taken alone 
Y : particularly relevant if combined with another 

document of the same cat a gory 
A : technological background 
O: non-written disclosure 
P : intermediate document 
T : theory or principle underlying the invention 



E : earlier patent document, but published on, or after 

the filing date 
D : document cited in the application 
L : document cited for other reasons 

& : member of the same patent family, corresponding 
document 



BNSDOCID: <EP 0383271 A3_l_> 



